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Abstract

In this paper an outline ofa nmodelling technique will
be presented that allows,for the encapsulation and
analysis of the social and technical aspects of an
organisational information systemi. This notation is
used to construct and anailyse both tile static andl
dynantic niodels of organistations aind or-ganisational
behaviour. The construction aindl analysis is a'chievedl
through the use of concepts such as role andi
responsibility. The conceptual modelling framiework
is then applied to a caise study. Thi.s case study), is
based upon an accident andi emiiergency department
of an inner city hospital situatedl within the centre of
Dublin, Ireland.

INTRODUCrION

In [3] the assertioni is made that computers are not
just instrumental means of production, they also
condition and mediate social relationiships. This
mediation can take the form of decisions beinig made
by the computer that have a direct impact on a
person's life. For exmunple, a medical inforination
system is just a pure information system but also a
safety critical system and an agent of change. The
issues associated with the adoption and application of
a medical information system are not just availability
of service and integrity of iinformation, but also how
the information system will change the work patterns
of the organisation. Conventional systems analysis
has largely concentrated on information processing
rather than taking a wider view of the problem which
would consider the The franework presented within
this paper views an information system as a socio-
technical system. That is to say that it attempts to
model the wider issues that surround and informiationi
system both at the social, behavioural, technical and
moral level. This is achieved through the merger of
the concepts of role and responsibility, and a
linguistical model of interactions, within a modellingy
framework.

One of functions of this modelling franework is for
it to act as a medium of communication. This is so

that both the problem owners and problem solvers
can build up a consensus that they are specifying and
reasoning about the same problem. Another purpose
of the modelling framework is to facilitate in the
representation and validation of the problem.

By modelling an organisation and how it manipulates
its resources and value system we are empowering it
with the ability to model itself and its role within a
society. This ability provides an organisation with the
capability to embrace change and view it in a positive
manner [5]. As a result organisations can at last begin
to explore the consequences of adopting an
information system and plan for the futhure.

THE BASIC CONCEPTS

The modelling concepts are perhaps the key aspect
that makes this framework different from more
conventional approaches to design. Enterprise
modelling [1] provides a frunework for representing
and reasoning about the IT system cas a component of
a wider environment that is the organisation whose
needs it is designed to serve. We have found that this
forn of modelling ensures an adequate representation
of the structural and organisational aspects of the
problem. It makes explicit policy issues and
assumptions that cannot easily be stated. A major
characteristic of the modelling framework presented
in this paper is that responsibilities and relationships
are modelled rather than activities. This enables us to
elicit, capture, and represent information in the
context of those who use it.

The enterprise modelling language has been designed
to represent the structure of organisations. It has two
related but distinct purposes: 1) to identify the
requirements owners and their positions and roles
within the organisation in order to demonstrate
completeiness of the requirements elicitation process,
anid 2) to identify the user community (and others
affected by the proposed IT system) and their roles
Iand responsibilities within the organisation in order

to deemonstrate completeness of the requirements
m(xlelling process.
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The Concept of Role

The our concept of role [1] allows us to distinguish:
a) agents, and the relationships between them; and b)
the network ofactivities that interact through
information flows and are structured into tasks and
operations. Our modelling framework enables us to
represent anld analyse the relations between these ('a'
and 'b') and to represent the way in which they
operate in real organisations.

The Concept of Agency

Our aim is to describe and reason about organuisations
that embody both a social and a technical syst.em.
These however comprise one single system, a socio-
technical system, and as such cannot be described or
modelled only in terms of state and behaviour as a
purely technical system might be, since there is a
fundamental difference between social and technical
systems. It is to be able to differentiate betweeni
social and technical objects (i.e. between people and
computers) that we introduce the idea of agency [1].
A machine may perform the same tasks as a person,
but the person will hold responsibilities for those
tasks in contrast to the machine which cannot hold
responsibility. The person is said to be an agent and
hold the agency.

Responsibility Modelling

We will define responsibility as a relationiship
between two agents regarlding a specific state of
affairs [4], such that the holder of the responsibility is
responsible to the giver of the responsibility, the
responsibility principal. We will define responsibility
consists of: a) who is responsible to whom; b) the
state of affairs for which the responsibility is held; c)
the nature of realtionship(these include peer, power
and service) d) the type of responsibility (these
include accountability, blameworthiness, legal
liability). A computer can not be held responsible for
any things as responsibility implies issues such as
culpability and restitution. Clearly a computer can
not be punished for its actions, so we need to
examine where that responsibility might lie. Thus if
an information system is making a decision, or even
helping in the making of a decision, theii it needs to
be clear when, where and to whom the
responsibilities lie.

Service Modelling

The life cycle that we go through for a service from
negotiation, delivery to restitution are depicted in
Figure 1. This diagraum forms a framework from

within which the problem solver can begin to
exaunine how the current syst.em functions and how
an iniformation system may assist the organisation in
the meet.ing of its objectives.

Each stage defines its own set of issues and concerns.
For examnple, in the stage restitution we can examine
the nature of that restitution by answer questions such
<as, to whom do we make restitution and who makes
its, as well as does this restitution involve any
litigation. For each stage we can examine the
conditions under which we can engage in this stage
and the conditions under which we exit this stage, as
well as the organisational objects manipulated in that
stage.

Figure 1 The Service Life Cycle Model

Within the negotation stage we would want to
examine the conversation which leads to the
definition of a service, the agents and the
relationships associated with its invocation, delivery,
evaluation. For example, within this section we could
want to specify how and by whom a service will be
evaluated. Issues such as when can some one engage
in this conversation, with whom should the
conversation be engaged and under what conditions
can the conversation be engaged are just a few of the
questions that we would seek to answer in this
section. In addition, within this stages we would also
want to examine what responsibilities and resources
where created and manipulated as signs of the
services invocation and evaluation.

For the invocation phase of the service life cycle we
would want to exmunine issues such as under what
coniditions can the service be invoked. We would also
want to examine the conversation concerned the
services invocation and look at things such as what
happens in the invocation fails, and what access
rights on resources and responsibilities are required.
Within the delivery phase of the service life cycle we
can exmunine how a service is delivered, what
organisational objects are manipulated by that
delivery and whom is to delivery the service and to
whom is the service to be delivered. Again we can
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exmunine the roles that these agents or agencies play
within the whole of the life cycle.

For the evaluation phase we would want to examine
issues associated with how the service was to be
evaluated and by whom. In addition, we would want
to make clear by examination the conditions under
which the evaluation phase of the service life cycle
model is started and terminated. Questions such as
what metrics will be used, are their any legal metho(ls
to evaluate this service and how is this service to be
payed for, all fall within the scope of this phase of the
service life cycle model. For example we could now
examine the question, is the evaluation of the service
the same agent or agency who delivers it'?

The restitution phase of the service life cycle model
is concerned with issues such as how is payment to
be made for this service, or how does the consumer
of the service get legal compensation for anythinig
that has gone wrong.

THE CASE STUDY - THE CITY HOSPITAL

Introduction

This case study is taken from an accideent and
emergency (A&E) dep,artment located in an inner
city hospital of Dublin. Various social, economic and
political factors conspire to make this case study
interesting. For the purposes of this paper however, a
condensed problem domain will be presented without
generalisation and analysed from only one
perspective. It should be remembered though that this
problem forms part of a bigger problem, which in
turn fits into the social, economic, and political
environment of the country.

Characterisation of an A&E Dept

The primary function performed by the A&E
department is to provide accident and emergency
services to the public. This has evolved into a second
function, which constitutes provision of low-grade
medical services to the local populace, where patients
use the A&E department as an alternative to general
practice.

The A&E dep,artment is functionally related to a
number of other departments within the hospital upon
which it relies for services, e.g., pathology,
radiology, pharmacy, and central administration. The
A&E department internally consists of a small set of
separate and distinct entities, e.g., senior nurse,
consultant, junior doctors, junior nurses, and
receptionists.

For the purposes of this case study we will
concentrate on one aspects of the nurse's role within
the A&E department. By modelling this role we will
attempt to derive requirements. The role of the junior
nurse upon which we will focus is that of
administering drugs to the patient.

The Role of the Junior Nurse

tJinder Irish law, the person who administers a drug is
resp)nsible for the effect that the drug has on the
patient,. Thus, if the wrong drug is prescribed and
administered, the person is held responsible under the
law. This gives rise to the nurses having to perform,
and being taught to perform, some of the functions
normally associated with a doctor. When
adiministering drugs to a patient, one nurse
a(dministers the drug while another nurse observes to
makes sure that the correct procedures are followed
and that the recommended dosage of a particular drug
is administered. Both nurses then sign for the drugs
in the patient's records. Drug usage is monitored by
the chief nurse as the unit contains little stocks of
drugs, particularly controlled drugs such as
mnorphine. The junior nurse is responsible for
ensuring that the use of such drugs is recorded.

If the nurse is unhappy with the diagnosis, she can
refuse to administer the drug. Within the health
service it is impossible for anyone to be forced to
administer a drug. Should the nurse decide upon this
course of action, she is required to report it to the
chief nurse. The resolution of this conflict then
becomes the responsibility of the chief nurse. Should
the chief nurse be unable to resolve this situation, she
may also invoke a higher authority (the hospital's
central adiministration) to deal with the situation. It
then becomes their responsibility. Within the A&E
department, there are therefore two management
structures: one for the doctors with the consultant at
their head; and one for the nurses with the chief nurse
at their head. These two management structures only
come together in the central administration of the
hospita.

Modelling the System

The purpose in modelling the organisational system
from the perspective of the junior nurse is to elicit,
represent, and validate requirements that have either
a direct, or an indirect, impact on the Organisational
Information Technology system. In Figure 2, the
rectangles represent the agencies or agents that
contain the structural and functional roles. The
structural roles are connected together with lines of
double thickness, while the functional relationships
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are connected together with lines of a single
thickness. The functional- roles (problem)t ovwner,
problem repair) are shorthand for the kind of
behaviours (conversations) that the the various
agencies or agents may engage in (e.g., the problem
owner can report the existence of a problem, anuid the
problem repairer can mend it). The structural roles
(consumer, supplier) are shorthand for the frmunework
of responsibilities that permit and give meaning to
these behaviours i.e. it describes the nature of the
'social' relationship between the two agents.

-Junior Nurse -

( Supplier )

-~Dxc)tor

CCutomer

Provider I I Requester

( Supplier)
Deliverer 1 I IF

( Supplier )

-Deliverer

Requester II Reques!ter
Consumer nsunmer

Patient

Figure 2 An Overview of the Structural System

The lines that join the functional and the structural
roles represent the fact that a relation between two
agents may be one of interaction or one of
responsibility. Responsibility annd interactions are
related to each other through activities such that
responsibilities only arise and are fulfilled through
interactions. In short, the links between them are
functional and structural relationships.In the role
relation diagram depicted in Figure 5, the doctor and
nurse have to negotiate for the delivery of a specified
service to the patient. Due to the nature of the
relationship, the structural relationship that exists
between them is that of supplier - customer. The
requester - provider functional relationship that is
associated with the doctor - nurse structural
relationship denotes the negotiation process by which
the doctor attempts to persuade the nurse to perform
a service. The service that the nurse perform.s is the
delivery of health care to a third agenit, i.e., the
patient. As a result of the delivery of this service,
both the doctor and the nurse fulfill their
responsibilities.The structural relatioinihip between
the nurse and the doctor is one of customer - supplier.
The nature of the conversation between them is one
of negotiation, as the doctor is attempting to convinice
the nurse to treat the patient in a prescribed manner.
As the nurse is legally responsible for any treatment
he/she administers, he/she has to decide if she
believes that the prescribed treatment for the patient

by the doctor is appropriate and adequate. In order
for her to m.ake a decision she has to perform a brief
diagnosis based on the information that she has
access to.

The conversations that a nurse would engage in to
administer some drugs to a patient at the request of a
doctor will now be modelled. In the following
diagrmuns, a rectangle is used to denote a speech act,
and a triangle is used to signify those points in a
conversation where different courses of action may
arise (mental acts). In addition an oval is used to
denote an instrumental act, and a rounded rectangle is
used to express the starting or terminating points of
the functional unit. The notation is described and
explained in detail in [2].

Figure 3 A Conversation Diagram of the Nurse's
Decision

In Figure 3, the conversation begins with the doctor
requesting the nurse to administer a drug to the
patient. In so doing he/she needs to have read and
write (read/amend) access to all the patient's records
(PR) so that they can be augmented by adding what
drug he/she thinks is required. In requesting the nurse
to adminiister a drug to the patient, the doctor is
a:sserting an informational attribute and mirroring this
assertion in the patient's records by recording it there.
This inforrmational attribute is the proposition that a
particular drug is what the patient requires as part of
their cure at this o)int in time.

The nurse now has to make a decision as to whether
he/she is going to administer the drug. The law
consequently generates several direct and indirect
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requirements on the organiisational information
technology system. From the nurse's perspective, if
the correct decision is to be made, then access to all
the informational objects and attributes related to the
patient is required. The nurse must be able to review
them and form an opinion of what ails the patient so
that a cure may be formulated an(d administered. In
the above diagrmun, the term Access(PR) is used to
express the accessing of all the informational objects
and informational attributes related to the patient.
Having identified that accessing of records is
required, the nature of the accessing itself can be
explored. We find that the nurse may only read and
that under these conditions is not allowed write
access. Thus a nurse may read the result of a test that
has been performed on the patienit, but may not
request that a particular test be performed. We may
also look at the mental act and ask the question,
"what type of decision is it?" For example, is it a
decision for which a set of rules governing the
outcome may be given? Or is it a decision that calls
upon the individual to make some kind of value
judgement? The lat.t.er kin(d is a mental act that one
may want a computer to assist in the making of, but.
not one that one would want the computer to mnake.
The decision that the nurse is required to make is a
value judgement due to legal aspects of the resulting
action. For this reason, the nurses have special
educational needs. Consequently, they are not just to
be taught to apply a dressing or adlminister a drug;
they are required to make informal diagnoses upon
which they act. Thus they need to be taught how to
make them and what informationi they need to make
them.

The decision has two possible outcomes: either the
nurse can choose to administer the drug, or he/she
can refuse. Because of the legal aspects of the
system, under no conditions can the nurse be forced
to administer the drug Thus, should he/she decide to
refuse the doct.or's request then he/she must invoke
steps to resolve the conflict. We may point to the
oval which represents the conversation that the nurse
would engage in to resolve the conflict and ask "what
informational objects and attributes are required by
this conversation?" From the perspective of the
hospital, these steps are formally defined and clearly
stated for all to see. Assume, however, that the nurse
decides to comply with the doctors request.

SUMMARY

The most common problem of requirements
engineering in the designi and implementaltion of
complex IT systems is combininig differingy
representations of the system and its environmenits.
The operational, organisational, and social
environments of a system all possess different

characteristics. Hence the core of this approaches
plhilosophy is its advocation of involving policy
miakers/problem owners throughout the design of the
system. It is a process of shifting the balance of
responsibility between system owner and system
designer away from the 'owner states, designer
solves' model towards a relationship in which the
problem solver helps the problem owner understand
the problem and the problem owner helps the
problem solver understand the implications of
possible solutions.

Furthermore, used in the context of enterprise
modelling, interaction analysis and role relations
diagrmunming have shown, through the use of various
case studies, their usefulness in dealing with an
organisation's requirements and policies. A major
advantage is the degree of flexibility it places within
the analyst's control.
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